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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to an electrostat- 
ic ink jet recording head which accomplishes recording 
to a recording medium by using charged particulate ma- 
terials in ink, and more particularly to an electrostatic ink 
jet recording apparatus which prevents precipitation of 
charged particulate material in ink. 

Description of the Prior Art 



r00021 An electrostatic ink jet recording apparatus ac- 
cording to the prior art, as disclosed in PCT Publication 
number WO 93/11866, has an electrostatic ink jet re- 
cording head and a counter electrode arranged behind 
recording paper. The counter electrode is provided for 
qenerating an electric field between the recording paper 
and the ink jet recording head. The ink jet recording 
head has an ink chamber for temporarily stonng ink liq- 
uid supplied from an inktankorthe like. An ejection elec- 
trode is formed at an end of the ink chamber and driven 
when the ink is ejected. The tip of that ejection electrode 
is opposite to the counter electrode. The ink liquid in the 
ink chamber is fed by its own surface tension to the tip 
of the ejection electrode, where an ink meniscus is 
thereby formed. 

[00031 The ink liquid used with that ink jet recording 
head contains charged particulate material for coloring. 
While the charged particulate material is electnfied in a 
positive polarity by a Zeta potential, the ink W*«m*r 
tains electric neutrality when no voltage is fed to he 
ejection electrode. The polarity of the Zeta potential is 
determined by the characteristic of the charged partic- 
ulate material. 

[00041 When a voltage of the positive polanty is fed 
to the ejection electrode, the positive potential of the ink 
liquid is enhanced. The charged particulate material is 
caused by an electric field working between the ejection 
electrode and the counter electrode to shift in the ink 
liquid toward the tip of the ejection electrode The 
charged particulate material having reached the tip of 
theejectionelectrodeisstrongly drawn toward thecoun- 
ter electrode by the electric field working between the 
tip of the ejection electrode and the counter electrode. 
When the Coulomb force between the charged particu- 
late material at the tip of the ejection electrode and the 
counter electrode substantially surpasses the surface 
tension of the inkliquid, an agglomeration of the charged 
particulate material accompanied by a small quantity of 
liquid flies from the tip position of the ejection electrode 
toward the counter electrode, and adhere to the surface 
of the recording medium. As the agglomeration of the 
charged particulate material is caused by the application 
of a voltage to the ejection electrode to successively fly 



from the tip of the ejection electrode, printing is accom- 

[0005?' However, the charged particulate material of 
the ink liquid used in the electrostatic ink jet recording 
s head is readily precipitated by gravity, and therefore 
does not distribute evenly in the ink chamber. As a con- 
sequence, charged particulates are not steadily sup- 
plied to the tip of the ejection electrode, and the quantity 
of the charged particulate material in the agglomeration 
10 flying from the ink ejecting position is inconstant. Ac- 
cordingly, there is the problem of difficulty to accomplish 
steady printing. . 
[00061 Furthermore, when the ink liquid in the ink 
chamber is to be shifted toward the tip of the ejection 
is electrode only by the ejection electrode and the counter 
electrode, precipitation of the charged particulate mate- 
rial extends the shifting time, making it difficult to 
achieve high-speed printing. 



20 SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to elimi- 
nate the aforementioned disadvantages of the pnor art, 
and in particular to provide an electrostatic ink jet re- 
25 cording apparatus capable of printing steady images. 
[00081 Another object of the invention is to provide an 
electrostatic ink jet recording apparatus capable of high- 
speed printing. 

[0009] According to the invention, there is provided 
30 an electrostatic ink jet recording apparatus comprising 
a head body and a counter electrode. The head body 
has an ink chamber for holding ink liquid containing 
charged particulate material. An ejection port is provid- 
ed at one end of the head body and connected to the 
35 ink chamber An ejection electrode is arranged near the 
ejection port and fed with an ejection voltage of the same 
polarity as the charge characteristic of the charged par- 
ticulate material. The counter electrode is arranged op- 
posite to the ejection port via a recording medium and 
40 has a necessary electric potential for electric attraction 
of the charged particulate material. A pair of verticaHy 
spaced stirring electrodes is arranged at the top and the 
bottom of the ink chamber and fed with a stirring voltage 
for shifting the charged particulate material at least in 
45 the direction reverse to the direction of gravity. A voltage 
qenerating circuit is provided for generating the ejection 
voltage and the stirring voltage, the latter being gener- 
ated before the generation of the ejection voltage. 
[0010] According to the invention , the stirring voltage 
so for generating an electric field to shift the charged par- 
ticulate material in the direction reverse to that of gravity 
is fed to the stirring electrodes. Moreover, that stirring 
voltage is generated earlier than the ejection voltage. 
As a result, the precipitation of toner particulates is pre- 
ss vented before the ejection of ink, and the overall con- 
centration of toner particulars in the ink liquid in the ink 
chamber is uniformized. It is thereby made possible to 
supply a constant quantity of toner particulates to the tip 
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electrode section of the ejection electrode and accord- 
ingly to achieve high-quality prints free from irregularity 
of recording. 

[00111 When one of the stirring electrodes comes into 
contact with the ink liquid, the electric potential of the 5 
ink liquid can be controlled so as to reach a sufficient 
level for the accomplishment of ejection, enabling the 
charge characteristic of the charged particulate material 
to be fully drawn upon. In this instance, the polarity of 
the D.C. voltage of the stirring electrode in contact with 1 
the ink liquid (stirring offset voltage) is made identical to 
the charge polarity of the charged particulate material. 
[0012] Furthermore, when a stirring A.C. voltage is 
fed to the stirring electrodes besides the stirring offset 
voltage, the toner particulates can be stirred vigorously 1 
and quickly by the action of the alternating electric field. 
[0013J In addition, the stirring electrodes, if they func- 
tion when no pulse voltage is fed to the ejection elec- 
trode, not only are prevented from giving any deverse 
effect on ejection, but also can stabilize the quantity of - 
toner particulates in the agglomerations, irrespective of 
the image to be recorded, by stirring consecutively dur- 
ing printing, and can thereby give prints of high quality. 
[0014] There are two stirring electrodes: afirst stirring 
electrode arranged at the bottom of the ink chamber and 
provided with the stirring the offset voltage, and a sec- 
ond stirring electrode arranged at the top thereof. Here, 
if the f irst stirring electrode is arranged also in a direction 
reverse to the direction of ink ejection, the charged par- 
ticulate material can be shifted not only in the direction 
reverse to the direction of gravity but also in the direction 
of ink ejection. This arrangement enables the charged 
particulate material to be rapidly shifted in the direction 
of ink ejection. 

[0015] Furthermore, the electrostatic ink jet recording 
apparatus according to the present invention may have 
an electrophoretic electrode apart from the stirring elec- 
trodes. To the electrophoretic electrode is supplied an 
electrophoretic voltage for shifting the charged particu- 
late material toward the ejection hole by electrophore- 
sis. In this case, the stirring voltage is generated before 
the generation of the electrophoretic voltage and of the 
ejection voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0016] 

FIG. 1 is a plan of an electrostatic ink jet recording 
apparatus, which is a first preferred embodiment of 
the present invention, partly shown cross-section- 
ally; 

FIG. 2 shows a cross section on the X-X line in FIG. 
1; 

FIG. 3 illustrates the drive circuit for the ink jet re- 
cording head for the electrostatic ink jet recording 
apparatus of FIG. 1 ; 

FIG. 4 shows an expanded cross-sectional view of 



a state in which toner particulates have precipitated 
in the ink chamber; 

FIG. 5 shows a cross-sectional view of the state of 
toner particulates in the ink chamber when a voltage 

; is applied to the stirring electrodes; 

FIG. 6 is a timing chart illustrating the operation of 
the drive circuit of FIG. 3; 
FIG. 7 is a waveform diagram illustrating in a con- 
tinuous form the stirring voltage shown in FIG. 6; 

o FIG. 8 is a plan of an electrostatic ink jet recording 
apparatus, which is a second preferred embodi- 
ment of the invention, partly shown cross-section- 
ally; 

FIG. 9 shows a cross section on the Y-Y line in FIG. 
'5 8; 

FIG. 1 0A is a plan of an electrostatic ink jet record- 
ing apparatus, which is an alternative version of the 
second preferred embodiment of the invention, 
partly shown cross-sectionally; 
20 FIG. 1 0B shows a profile of the electrostatic ink jet 
recording apparatus of FIG. 1 0A; and 
FIG. 1 1 shows a cross section on the Z-Z line in FIG. 
10A. 

25 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] In FIGS. 1 and 2, the ink jet recording appara- 
tus has an electrostatic ink jet recording head 10 and a 
30 counter electrode 20 arranged at a prescribed distance 
from the ink jet recording head 1 0. On the surface of the 
counter electrode 20 is arranged a recording medium P, 
which is carried by a carrying mechanism (not shown) 
in the direction of arrow S in FIG. 2. The counter elec- 
35 trode 20, consisting of an electroconductive body, is 
grounded so as to give its surface a potential of 0 V. 
[0018] The ink jet recording head 1 0 has a head body 
1 , an ejection electrode 2, an electrophoretic electrode 
4, stirring electrodes 5A and 5B, an ink inlet 6 for feeding 
40 ink liquid, and an ink chamber 8 for storing the ink liquid. 
The ink liquid fed to the ink chamber 8 consists of 
charged particulate material (toner particulates) of ther- 
moplastic resin, colored together with a charge control 
agent, dispersed in a petroleum-derived organic solvent 
45 (iosparaffin). The toner particulates are charged in an 
apparent positive polarity by a zeta potential. The ink 
inlet 6, connected to an ink tank (not shown) by a tube, 
feeds ink liquid into the ink chamber 8. In this process, 
a negative pressure of about 1 cm H 2 0 is given to the 
so ink liquid, which is thereby subjected to forced circula- 
tion. 

[0019] The head body 1 consists of a dielectric sub- 
stance, and the ink chamber 8 is formed within it. At the 
end of the ink chamber 8 in the ink ejecting direction is 
55 formed an ejection port, that is a minute ejection hole 3, 
from which part of the ink liquid is ejected. The ink cham- 
ber 8 is formed so that the cross-sectional area of its 
space gradually diminishes toward the ejection hole 3, 
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underneath which is arranged the ejection electrode 2. 
[0020] The ejection electrode 2 extends upward from 
the bottom face of the head body 1 , and its tip electrode 
section 2A extends toward the ejection hole 3. The tip 
of the tip electrode section 2A is sharpened to facilitate 
concentration of the electric field. Above the tip elec- 
trode section 2A is formed an insulating film 7, which is 
a protective film to prevent the ink liquid from coming 
into contact with the tip electrode section 2A. 
[0021] The electrophoretic electrode 4 is formed by 
the rear face, reverse to the ink ejecting direction, and 
two side faces of the head body 1 . The electrophoretic 
electrode 4 is fed with an electrophoretic voltage having 
the same polarity as the charge polarity of the toner par- 
ticulates in the ink liquid. This electrophoretic voltage 
generates a phenomenon of electrophoresis in which 
the toner particulates in the ink liquid fed from the ink 
inlet 6 shift toward the counter electrode 20, i.e. the ejec- 
tion hole 3. As the cross-sectional area of the space in 
the ink chamber 8 diminishes toward the ejection hole 
3, the density of the toner particulates increases as they 
move toward the ejection hole 3. 
[0022] The stirring electrodes 5A and 5B are formed 
respectively at the top and at the bottom of the ink cham- 
ber 8, and connected to a stirring voltage generating cir- 
cuit 9. The stirring electrode 5A is formed over the ink 
chamber 8 reverse to its gravity direction. An insulating 
layer 70 covers the stirring electrode 5A so that the elec- 
trode 5A does not come into contact with the ink liquid. 
The stirring electrode 5B, positioned under the ink 
chamber 8, is formed so as to come into contact with 
the ink liquid. The stirring voltage generating circuit 9, 
having a D.C. offset power source 9 A for generating a 
stirring offset voltage and an A.C. power source 9B for 
supplying a stirring A.C. voltage, generates a voltage in 
which the stirring A.C. voltage is superposed over the 
stirring offset voltage, and feeds it between the stirring 
electrodes. The stirring offset voltage has the same po- 
larity as the charge polarity of the toner particulates. The 
connection of the positive pole side of the stirring offset 
voltage to the stirring electrode 5B causes the electric 
field generated by the stirring offset voltage to be direct- 
ed reverse to the gravity direction. This causes the pos- 
itively polarized toner particulates having accumulated 
at the bottom of the ink chamber 2 to shift in the direction 
of the electric field. The stirring A.C. voltage supplied at 
the same time as the stirring offset voltage contributes 
to more efficient stirring of the toner particulates. Here, 
if the charge polarity of the toner particulates is reverse, 
this can be corrected by reversing the relationship be- 
tween the positive and negative poles of the stirring off- 
set power source 9A. 

[0023] FIG. 3 illustrates the configuration of the circuit 
to drive the ejection electrode 2, electrophoretic elec- 
trode 4 and stirring electrodes 5A and 5B. Referring to 
the diagram, a control circuit 30 controls an electro- 
phoretic voltage generating circuit 31 , an ejection volt- 
age generating circuit 32 and the stirring voltage gener- 



ating circuit 9 on the basis of print data. The electro- 
phoretic voltage generating circuit 31 generates the 
electrophoretic voltage to drive the electrophoretic elec- 
trode 4. The ejection voltage generating circuit 32 gen- 
5 eratesthe ejection voltage to drive the ejection electorde 
2. The stirring voltage generating circuit 9, as shown in 
FIG. 2, has the stirring offset power source 9A and the 
A.C. power source 9B. The electrophoretic voltage may 
be, for instance, 2 kV, the ejection voltage, 1 kV, and the 
10 stirring offset voltage from the D.C. offset power source 
9A, 500 V, and the amplitude of the stirring A.C. voltage 
from the A.C. power source 9B may be 1 kV. These volt- 
ages are determined by the charge characteristic of ton- 
er particles, the distance between the ink jet recording 
15 head 10 and the counter electrode 20, and the struc- 
tures of the various electrodes, but not confined to the 
above-stated values. The frequency of the stirring A.C. 
voltage from the A.C. voltage 9B, which determines the 
period of stirring, may be set to the experimentally opti- 
20 mal value. 

[0024] The control circuit 30, after the start-up of the 
apparatus, controls the stirring voltage generating cir- 
cuit 9 and the electrophoretic voltage generating circuit 
31 so that the stirring voltage be fed to the stirring elec- 
ts trodes 5A and 5B before the electrophoretic voltage is 
applied to the electrophoretic electrode 4. It also con- 
trols the stirring voltage generating circuit 9 so that the 
stirring voltage be generated when no ejection voltage 
is fed to the ejection electrode in accordance with print 
30 data. 

[0025] Next will be described the printing operation. 
When the electrophoretic voltage is fed to the electro- 
phoretic electrode 4, an electric field is formed between 
the electrophoretic electrode 4 and the counter elec- 
ts trode 20, and electrophoresis causes toner particulates 
to shift toward and concentrate in the ejection hole 3. 
Then, when a voltage pulse is applied to the ejection 
electrode 2, an electric field is formed between the tip 
electrode section 2A of the ejection electrode 2 and the 
40 counter electrode 20, and the agglomerations of toner 
particulates having concentrated in the ejection hole 3 
fly from there toward the counter electrode 20. The ag- 
glomerations of toner particulates which have flown ad- 
here to the recording medium P. On the other hand, the 
45 toner particulates which have been reduced in the vicin- 
ity of the ejection hole 3 by the ejection are again shifted 
by electrophoresis attributable to the electrophoretic 
voltage toward the ejection hole 3 to be readied for con- 
secutive ejection. Repetition of these actions causes a 
50 toner image to be formed on the recording medium P 
that is carried. The recording medium P on which the 
toner image has been formed is carried to a fixed (not 
shown) and thermally fixed. 

[0026] Hereupon, as the toner particulates have a 
55 greater specific gravity than the ink solvent, if they are 
allowed to stand for a long period of time, the toner par- 
ticulates T precipitate in the ink chamber 8 as illustrated 
in FIG. 4. During printing, as the electrophoretic elec- 
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trode 4 electrophoreses the toner particulates T to bring 
them together in the vicinity of the ejection electrode 2, 
the concentration of the toner particulates T becomes 
uneven in the ink chamber 8. Furthermore, since the 
consumption of the toner particulates T is not necessar- s 
ily constant but varies with the image to be printed, the 
concentration of the toner particulates in the vicinity of 
the ejection electrode 2 is inconstant. In such a case, 
the toner particulates are not supplied in a uniform vol- 
ume to the vicinity of the ejection electrode 2, resulting 
in the disadvantage that the volume of ejected toner var- 
ies with the recorded image and the printed image be- 
comes uneven. 

[0027] In view of this problem, in this preferred em- 
bodiment of the invention, the stirring voltage generating 
circuit 9 feeds the stirring voltage to the stirring elec- 
trodes 5 A and 5B before the electrophoretic voltage is 
applied to the electrophoretic electrode 4, as shown in 
FIG. 6. The stirring voltage, as shown in FIG. 7, consists 
of the stirring A.C. voltage, 1 kV on a peak-to-peak ba- 
sis, superposed over the stirring offset voltage, 500 V. 
This causes an alternating electric field in the gravity di- 
rection to be formed in the ink chamber 8, and the toner 
particulates T which have precipitated therein soar as 
illustrated in FIG. 5. To describe this stirring action in 
more detail, the toner particulates T are shifted in the 
direction reverse to the gravity direction by the stirring 
offset voltage fed from the D.C. offset power source 9A 
in FIGS. 2 and 3 to the stirring electrodes 5A and 5B. 
Simultaneously with the stirring offset voltage, the stir- 
ring A.C. voltage is applied, and the toner particulates 
T rapidly shift contrary to the gravity direction while the 
A.C. voltage is high and in the gravity direction while the 
A.C. voltage is low (while its polarity is reverse). This 
process efficiently stirs the toner particulates T having 
precipitated and accumulated in the ink chamber 8, and 
their concentration is generally uniformized, too. After 
the application of this stirring voltage, the electrophoret- 
ic voltage is fed to the electrophoretic electrode 4, and 
the resultant electrophoresis shifts the toner particulates 
T in the direction of ink ejection and, after that, the ejec- 
tion voltage causes the agglomerations of ink particu- 
lates to fly from the ejection hole 3. 
[0028] As shown in FIG. 6, when printing is to be done, 
although the stirring voltage, electrophoretic voltage 
and ejection voltage generate in that order, the electro- 
phoretic voltage may be supplied to the electrophoretic 
electrode 4 while the ejection voltage is being supplied 
to the ejection electrode 2. Further, if the stirring voltage 
is generated earlier than the electrophoretic voltage, the 
generating period of the electrophoretic voltage and that 
of the stirring voltage may partly overlap each other. 
[0029] As so far described, in this preferred embodi- 
ment of the invention, the stirring electrodes 5A and 5B 
are fed with the stirring voltage to generate an electric 
field which has the same polarity as the toner particu- 
lates and shifts them contrary to the gravity direction . As 
a result, the toner particulates are prevented from pre- 



cipitating, and their concentration in the ink liquid in the 
ink chamber is generally uniformized. This enables a 
uniform quantity of toner particulates to be supplied to 
the tip electrode section 2A of the ejection electrode 2, 
resulting in high-quality prints with no irregularity of re- 
cording. As the stirring electrodes 5 A and 5B are also 
fed with the stirring A.C. voltage in addition to the stirring 
offset voltage, the toner particulates can be vigorously 
and rapidly stirred by the action of the resultant alternat- 
ing electric field. 

[0030] Moreover, as the stirring electrodes 5A and 5B 
function when no pulse voltage is applied to the ejection 
electrode, they not only have no adverse effect on the 
ejecting action but also consecutively perform stirring 
during the printing process. This serves to stabilize the 
quantity of toner particulates in the agglomerations irre- 
spective of the image to be recorded, and enables high- 
quality prints to be obtained. 

[0031 ] Furthermore, since the stirring voltage is gen- 
erated before the application of the electrophoretic volt- 
age to the electrophoretic electrode 4, the toner partic- 
ulates are dispersed by the stirring, and the dispersed 
toner particulates can be quickly carried by electro- 
phoresis to the ejection hole 3. It is thereby made pos- 
sible to carry the right amount of toner particulates to 
the ejection hole 3 more smoothly than when they have 
precipitated, restrain uneven ness of ejection, realize 
high print quality, and accomplish steady high-speed 
printing by the continuous ejection of toner particulates. 
[0032] In the electrostatic ink jet recording apparatus 
illustrated in FIGS. 8 and 9, which is a second preferred 
embodiment of the present invention, an ink jet record- 
ing head 100 dispenses with the electrophoretic elec- 
trode 4 of the ink jet recording head 10 of FIGS. 1 and 
2, and a stirring electrode 1 5B extends to a position op- 
posite to the ejection hole 3. A stirring electrode 15A, 
arranged in a position vertically opposite to the stirring 
electrode 1 5B, is formed from the ink inlet 6 to the vicinity 
of the ejection hole 3. A stirring electrode generating cir- 
cuit 19 has a stirring offset power source 19A, and a 
stirring A.C. power source is dispensed with. In other 
respects, this embodiment has the same configuration 
as the above-described first embodiment. 
[0033] As a stirring offset voltage, 1 kV, is fed to the 
stirring electrodes 15A and 15B, the toner particulates 
which have precipitated therein soar, the dispersed in 
the inkand uniformized. Since the stirring electrode 15B 
is formed not only on the bottom side of the ink chamber 
8 but also on the face opposite to the ejection hole 3, 
the toner particulates in the vicinity of the ink inlet 6 shift 
toward the ejection hole 3 and the stirring electrode 1 5A. 
Accordingly, the stirring electrode 1 5B performs both the 
role of the stirring electrode 5B in FIG. 1 and that of the 
electrophoretic electrode to shift the toner particulates 
in the direction of ink ejection. 
[0034] Thus, the ink jet recording head 100 can not 
only realize dispersion and uniformization of toner par- 
ticulates and high-speed printing as does the Inkjet re- 
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cording head 10 of the first embodiment, but also can 
be reduced in cost commensurately with the absence of 
the eiectrophoretic voltage generating circuit and the A. 
C. power source for stirring. 

[0035] The present invention is not limited to the pre- 
ferred embodiments described above. For instance, the 
shapes of the ink chamber 8 and the ejection hole 3 are 
not confined to those used in the first and second em- 
bodiments. As illustrated in FIGS. 10A and 10B, an ink 
jet recording head 200 may have a plurality of ejection 
holes 23 arranged at regular intervals with partitions 24 
in-between. In an ink chamber 80, unlike the ink cham- 
ber 8 in FIG. 1 , the cross-sectional area of the space 
within does not shrink toward the ejection holes. As 
shown in FIG. 11 , the face of the ink chamber 80 oppo- 
site to the ejection holes 23 is formed in a flat or curved 
shape, slanted with respect to the gravity direction. This 
makes it difficult for toner particulates in the ink liquid to 
accumulate in the vicinity of the ink inlet. 
[0036] On the bottom of the ink chamber 80 is formed 
an insulating film 40, underneath which is formed a stir- 
ring electrode 25B. The stirring electrode 25B and the 
insulating film 40 are formed from the ink inlet 6 to the 
vicinity of the ejection electrode 2. As the insulating film 
40 simultanesouly insulates the ejection electrode 2 and 
the stirring electrode 5B from the ink liquid, there is the 
advantage of simplifying the manufacturing process. 
When the stirring offset voltage is fed to the stirring elec- 
trodes 25A and 25B, toner particulates having precipi- 
tated and accumulated on the bottom of the ink chamber 
8 soar, and are dispersed in the ink and uniformized. As 
the stirring electrode 25B is formed not only on the bot- 
tom side of the ink chamber 8 bit also on its face opposite 
to the ejection holes 23, the toner particulates in the vi- 
cinity of the ink inlet 6 shift toward the plurality of ejection 
holes 23 and the stirring electrode 25A. Therefore, the 
stirring electrode 25 plays both the role of the stirring 
electrode 5B and that of the eiectrophoretic electrode in 
FIG. 1. 



Claims 

1. An electrostatic ink jet recording apparatus com- 
prising: 

a head body (1) having an ink chamber (8 or 
80) for holding ink liquid containing charged 
particulate material; 

an ejection port (3 or 23), provided at one end 
of said head body and connected to said ink 
chamber, for ejecting the ink liquid; 
an ejection electrode (2) arranged near said 
ejection port and fed with an ejection voltage of 
the same polarity as the charge characteristic 
of said charged particulate material; and 
a counter electrode (20) arranged opposite to 
said ejection port via a recording medium and 



having a necessary electric potential for electric 
attraction of said charged particulate material; 

characterized by a pair of vertically spaced 
5 stirring electrodes (5A, 5B or 1 5A, 1 5B or 25A, 25B) 
arranged at the top and at the bottom of said ink 
chamber and fed with a stirring voltage for shifting 
said charged particulate material at least in the di- 
rection reverse to the direction of gravity; and 
10 voltage generating means (30, 31 , 32 and 9 or 19) 
for generating said ejection voltage and said stirring 
voltage, the latter being generated before the gen- 
eration of said ejection voltage. 

is 2. An electrostatic ink jet recording apparatus, as 
claimed in Claim 1 , wherein said voltage generating 
means includes ejection voltage generating means 
(32) for generating said ejection voltage and stirring 
voltage generating means (9 or 19) for generating 

20 said stirring voltage; one of said stirring electrodes 
is in contact with said ink liquid; and said stirring 
voltage generating means (9 or 19) generates as 
said stirring voltage a D.C. voltage having the same 
polarity as said charged particulate material. 

25 

3. An electrostatic ink jet recording apparatus, as 
claimed in Claim 2, wherein said stirring voltage 
generating means (9) generates a stirring voltage 
consisting of said D.C. voltage over which an A.C. 

30 voltage is superposed. 

4. An electrostatic ink jet recording apparatus, as 
claimed in Claim 2, wherein said stirring voltage is 
generated when said ejection voltage is not gener- 
is ated. 

5. An electrostatic ink jet recording apparatus, as 
claimed in Claim 1 , wherein said stirring electrodes 
comprise a first stirring electrode (15B or 25B) ar- 

40 ranged at the bottom of said ink chamber and a sec- 
ond stirring electrode (1 5A or 25A) arranged at the 
top thereof; and said first stirring electrode is ar- 
ranged also on the side opposite to said ink ejecting 
direction, and is fed with a stirring voltage for shifting 
45 said charged particulate material in the direction re- 
verse to the direction of gravity and in said ink eject- 
ing direction. 

6. An electrostatic ink jet recording apparatus, as 
so claimed in Claim 5, wherein the face of said ink 

chamber (80) opposite to said ejecting port (23) is 
inclined with respect to the direction of gravity. 

7. An electrostatic ink jet recording apparatus, as 
55 claimed in Claim 1 , wherein: 

an eiectrophoretic electrode (4) to which an 
eiectrophoretic voltage is supplied to shift said 
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charged particulate material to said ejecting 
port by electrophoresis is formed in said head 
body; and 

said generating means generates said ejection 
voltage, said electrophoretic voltage and said 
stirring voltage, and said stirring voltage is gen- 
erated before the generation of said electro- 
phoretic voltage and said ejection voltage. 

8. An electrostatic ink jet recording apparatus, as 
claimed in Claim 7, wherein said stirring voltage is 
a D.C. voltage having the same polarity as said 
charged particulate material. 

9. An electrostatic ink jet recording apparatus, as 
claimed in Claim 8, wherein said stirring voltage 
consists of said D.C. voltage over which an A.C. 
voltage is superposed. 



Pate ntansp ruche 

1 . Elektrostatische Tintenstrahl-Aufzeichnungsvor- 
richtung mit 

einem Kopf-Korper (1 ) mit einerTintenkammer 
(8 Oder 80) zum Halten von Tintenflussigkeit, 
die geladene Partikel enthalt, 
einer AusstoBoffnung (3oder23), die an einem 
Ende des Kopf-Korpers vorgesehen und mit 
der Tintenkammer verbunden ist, zum Aussto- 
Ben der Tintenflussigkeit, 
einer AusstoBelektrode (2), die in der Nahe der 
AusstoBoffnung angeordnet ist und mit einer 
Aussto3spannung mit der gieichen Polaritat 
wie der Ladungskennwert dergeladenen Par- 
tikel gespeist wird, und 

einer Gegenelektrode (20), die der AusstoBoff- 
nung uber ein Aufzeichnungsmedium gegen- 
uberliegend angeordnet ist und ein notiges 
etektrisches Potential fur elektrische Anzie- 
hung dergeladenen Partikel hat, 
gekennzeichnetdurch ein Paarvertikal beab- 
standete Ruhrelektroden (5A, 5B oder 15A, 
15B oder 25A, 25B), die an derOberseite und 
an der Unterseite der Tintenkammer angeord- 
net sind und mit einer Ruhrspannung zum Ver- 
lagem der geladenen Partikel zumindest in der 
Richtung umgekehrt zur Richtung der Schwer- 
kraft gespeist werden, und 
eine Spannungserzeugungseinrichtung (30, 
31 , 32 und 9 oder 19) zum Erzeugen der Aus- 
stoBspannung und der Ruhrspannung, wobei 
die Letztere vor der Erzeugung der 
AusstoBspannung erzeugt wird. 

2. Elektrostatische Tintenstrahl-Aufzeichnungsvor- 
richtung, wie in Anspruch 1 beansprucht, bei der die 



Spannungserzeugungseinrichtung eine 
AusstoBspannungs-Erzeugungseinrichtung (32) 
zum Erzeugen der AusstoBspannung und eine 
Ruhrspannungs-Erzeugungseinrichtung (9 oder 

5 1 9) zum Erzeugen der Ruhrspannung enthalt, eine 
der Ruhrelektroden mit der Tintenflussigkeit in Kon- 
takt ist und die Riihrspannungs-Erzeugungsein- 
richtung (9 oder 19) als die Ruhrspannung eine 
Gleichspannung mit der gieichen Polaritat wie die 

10 geladenen Partikel erzeugt. 

3. Elektrostatische Tintenstrahl-Aufzeichnungsvor- 
richtung, wie in Anspruch 2 beansprucht, bei der die 
Ruhrspannungs-Erzeugungseinrichtung (9) eine 

15 Ruhrspannung erzeugt, die aus der Gleichspan- 
nung besteht, der eine Wechselspannung uberla- 
gert ist. 

4. Elektrostatische Tintenstrahl-Aufzeichnungsvor- 
20 richtung, wie in Anspruch 2 beansprucht, bei der die 

Ruhrspannung erzeugt wird, wenn die 
AusstoBspannung nicht erzeugt wird. 

5. Elektrostatische Tlntenstrahl-Aufzeichnungsvor- 
25 richtung, wie in Anspruch 1 beansprucht, bei der die 

Ruhrelektroden eine erste, an der Unterseite der 
Tintenkammer angeordnete Ruhrelektrode (15B 
oder 25B) und eine zweite, an deren Oberseite an- 
geordnete Ruhrelektrode (15A oder 25A) umfas- 

30 sen, und bei der die erste Ruhrelektrode auBerdem 
auf derderTintenausstoBrichtungentgegengesetz- 
ten Seite angeordnet ist und mit einer Ruhrspan- 
nung zum Verlagern der geladenen Partikel in der 
Richtung umgekehrt zur Richtung der Schwerkraft 

35 und in der TintenausstoBrichtung gespeist wird. 

6. Elektrostatische Tlntenstrahl-Aufzetchnungsvor- 
richtung, wie in Anspruch 5 beansprucht, bei der die 
der AusstoBoffnung (23) entgegengesetzte Seite 

40 der Tintenkammer (80) in Bezug auf die Richtung 
der Schwerkraft geneigt ist. 

7. Elektrostatische Tmtenstrahl-Aufzeichnungsvor- 
richtung, wie in Anspruch 1 beansprucht, bei der: 

45 

eine Elektrophoreseelektrode (4), der eine 
Elektrophoresespannung zugefuhrt wird, urn 
die geladenen Partikel durch Elektrophorese 
nach der AusstoBoffnung zu verlagern, in dem 

50 Kopf-Korper gebildet ist, und 

die Erzeugungseinrichtung die AusstoBspan- 
nung, die Elektrophoresespannung und die 
Ruhrspannung erzeugt und die Ruhrspannung 
vor der Erzeugung der Elektrophoresespan- 

55 nung und der AusstoBspannung erzeugt wird. 

8. Elektrostatische Tlntenstrahl-Aufzeichnungsvor- 
richtung, wie in Anspruch 7 beansprucht, bei der die 
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Ruhrspannung eine Gleichspannung mit der glei- 
chen Polaritat wie die geladenen Partikel ist. 

9. Elektrostatische Tintenstrahl-Aufzeichnungsvor- 
richtung, wie in Anspruch 8 beansprucht, bei der die 
Ruhrspannung aus der Gleichspannung besteht, 
der eine Wechselspannung ubeiiagert ist. 



Revendications 

1. Imprimante electrostatique a jet d'encre, 
comportant : 

un corps de tete (1 ) ayant une chambre a encre 
(8 ou 80) pour renf ermer une encre liquide con- 
tenant un materiau particulate charge, 
un orifice d'ejection (3 ou 23) agence au niveau 
d'une extremite dudit corps de tete et connecte 
a ladite chambre a encre, pour ejecter I'encre 
liquide, 

une electrode d'ejection (2) agencee a proximi- 
te dudit orifice d'ejection et alimentee par une 
tension d'ejection ayant la meme polarity que 
la caracteristique de charge dudit materiau par- 
ticulate charge, et 

une contre-electrode (20) agencee a I'oppose 
dudit orifice d'ejection via un support d'impres- 
sion et ayant un potentiel electrique necessaire 
pour une attraction electrique dudit materiau 
particulate charge, 

caracterisee par une paire d'electrodes 
d'agitation espacees verticalement (5A, 5B ou 15A, 
15B ou 25A, 25B) agencees au niveau de la partie 
superieure et de la partie inferieure de ladite cham- 
bre a encre et alimentees par une tension d'agita- 
tion pour deplacer ledit materiau particulate charge 
au moins dans la direction inverse a la direction de 
gravite, et 

des moyens de generation de tension (30, 31 , 
32 et 9 ou 1 9) pour generer ladite tension d'ejection 
et ladite tension d'agitation, cette derniere etant ge- 
neree avant la generation de ladite tension d'ejec- 
tion. 

2. Imprimante electrostatique a jet d'encre selon la re- 
vendication 1 , dans laquelle lesdits moyens de ge- 
neration de tension component des moyens de ge- 
neration de tension d'ejection (32) pour generer la- 
dite tension d'ejection et des moyens de generation 
de tension d'agitation (2 ou 1 9) pour generer ladite 
tension d'agitation, une desdites electrodes d'agita- 
tion etant en contact avec ladite encre liquide, et 
lesdits moyens de generation de tension d'agitation 
(9 ou 19) generant en tant que ladite tension d'agi- 
tation une tension en courant continu ayant la me- 
me polarite que ledit materiau particulate charge. 



3. Imprimante electrostatique a jet d'encre selon la re- 
vendication 2, dans laquelle lesdits moyens de ge- 
neration de tension d'agitation (9) generent une ten- 
sion d'agitation constitute de ladite tension en cou- 

5 rant continu sur laquelle est superposee une ten- 
sion en courant alternatif. 

4. Imprimante electrostatique a jet d'encre selon la re- 
vendication 2, dans laquelle ladite tension d'agita- 

10 tion est generee lorsque ladite tension d'ejection 
n'est pas generee. 

5. Imprimante electrostatique a jet d'encre selon la re- 
vendication 1, dans laquelle lesdites electrodes 

is d'agitation comportent une premiere electrode 
d'agitation (15B ou 25B) agencee au niveau de la 
partie inferieure de ladite chambre a encre et une 
seconde electrode d'agitation (15A ou 25A) agen- 
cee au niveau de la partie superieure de celle-ci, et 

20 ladite premiere electrode d'agitation est agencee 
egalement sur le cote oppose a ladite direction 
d'ejection d'encre, et est alimentee par une tension 
d'agitation pour deplacer ledit materiau particulate 
charge dans la direction inverse a la direction de la 

25 gravite et dans ladite direction d'ejection d'encre. 

6. Imprimante electrostatique a jet d'encre selon la re- 
vendication 5, dans laquelle la face de ladite cham- 
bre a encre (80) opposee audit orifice d'ejection (23) 

30 est inclinee par rapport a la direction de gravitt. 

7. Imprimante electrostatique a jet d'encre selon la re- 
vendication 1 , dans laquelle : 

35 une electrode electrophoretique (4) dans la- 

quelle une tension electrophoretique est deli- 
vree pour deplacer ledit materiau particulate 
charge vers ledit orifice d'ejection par electro- 
phorese est formee dans ledit corps de tete, et 

40 lesdits moyens de generation generent ladite 

tension d'ejection, ladite tension electrophore- 
tique et ladite tension d'agitation, et ladite ten- 
sion d'agitation est generee avant la generation 
de ladite tension electrophoretique et de ladite 

45 tension d'ejection. 

8. Imprimante electrostatique a jet d'encre selon la re- 
vendication 7, dans laquelle ladite tension d'agita- 
tion est une tension en courant continu ayant la me- 

50 me polarite que ledit materiau particulate charge. 

9. Imprimante Electrostatique a jet d'encre selon la re- 
vendication 8, dans laquelle ladite tension d'agita- 
tion est constitute de ladite tension en courant con- 

55 tinu sur laquelle est superposee une tension en 
courant alternatif. 
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